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EDUCATION EXHIBIT iz?5 

■Br Nerves of the Thorax: 
jJP' Atlas of Normal and 
Pathologic Findings 1 

Suzanne L. Aquino* MD • Gregory R. Duncan^ MS * JL Anne 
Hayman, MD 

An anatomic and imaging atlas was created to provide detailed infor- 
mation about the six pairs of thoracic nerves (phrenic nerves, vagus 
nerves, recurrent laryngeal nerves, sympathetic trunks, costal nerves, 
long thoracic nerves). Serial axial computed tomographic (CT) scans 
of the normal thorax were obtained and included in the atlas, along 
with drawings showing the proper location of each nerve relative to 
adjacent anatomic structures. CT scans obtained in both symptomatic 
and asymptomatic patients with various thoracic diseases were paired 
with appropriate drawings and normal CT scans in the atlas. This for- 
mat was designed to help determine the presence and severity of re- 
lated disease, including injury from surgery, trauma, or penetrating 
injury, metastatic disease involvement, and, rarely, primary tumor. Al- 
though the nerves of the thorax are rarely identified at cross-sectional 
imaging, their location can be inferred by localizing easily identified 
anatomic landmarks. Familiarity with the functional anatomy and 
clinical significance of the nerves of the thorax is important for^the cor- 
rect interpretation of thoracic images. 
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Figure 1* (a, b) Drawings (aaial view) illustrate the normal thoracic CT anatomy at the level of the T2 (a) and T3 
(b) vertebral bodies, (c, d) Pancoast tumor in a 62-ycar-old man with Homer syndrome, (c) Axial CT scan demon- 
strates a Pancoaat rumor in the left upper lobe (f). The maas is contiguous with the first rib in the area of the ioferior 
cervical ganglion (purple arrowhead). Tne Tl intercostal nerve lies immediately below the first rib- Involvement can 
cause severe pain in the Tl dermatome of the anteromedial aspect of the arm- (d) A^aal CT scan obtained at the level 
of T3 shows the tumor (r) abutting the sympathetic chain. The second intercostal nerve lies above the third rib (gold 
arrowhead). Damage can cause loss of sensation to the skin of the armpit and the area overlying the second intercos- 
tal space. 



Introduction 

Anatomic and imaging atlases provide only lim- 
ited information on the anatomy and function of 
the intrathoracic nerves, which are often omitted. 
To help remedy this situation, we obtained serial 
axial computed tomographic (CT) scans of the 
normal thorax from the first through the ninth 
thoracic vertebrae and constructed an anatomic 
atlas of the thorax. The location of the phrenic 
nerves, vagus nerves, recurrent laryngeal nerves, 
sympathetic trunks, costal nerves, and long tho- 
racic nerves was confirmed by one author 
(G.R.D.) after dissecting 40 cadavers. We color- 
coded each nerve and placed it in its proper loca- 
tion (relative to adjacent anatomic structures 
identified ai CT) on drawings based on CT scans. 
To demonstrate the usefulness of these data, we 
paired CT scans of various Thoracic diseases in 
both symptomatic and asymptomatic patients 



with appropriate drawings and norma] CT scans 
from the atlas. 

In this article, we discuss and illustrate the 
functional and clinical relevance of each of the six 
sets of thoracic nerves (1-5) . The anatomic and 
imaging atlas that was created from this informa- 
tion can be used as a reference tool to help deter- 
mine the presence and severity of related disease. 

. Phrenic Nerves 

The phrenic nerves lie along the lateral mediasti- 
num and run from the thoracic inlet to the dia- 
phragm (Figs la, lb, 2-4). They course through 
the upper chest, medial to the mediastinal pleura 
and the apex of the right or left lung. The right 
phrenic nerve lies lateral to the right brachioce- 
phalic vein and the superior vena cava. The left 
phrenic nerve courses along the lateral aspect of 
the transverse arch of the aorta. The two nerves 
subsequently pass anterior to their respective pul- 
monary hila and then inferiorly in a broad vertical 
plane along the margin of the heart between the 
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ft- b* 



Figure 2. (a) Drawing (axial view) ill liberates the normal thoracic CT anatomy at the level of T3. (b) Neurofibro- 
matosis in an asymptomatic 28-year-old man. Ajtial CT scan obtained at the level of T3 shows tumor masses in the 
region of the phrenic and vagus nerves. Neurofibroma is also present in the region of the ascending left recurrent la- 
ryngeal nerve. 




Ascnttinp teft Wii rrant <9& ttmw Ufft recurrent 




a. b. 

Figure 3* (a) Drawing (axial view) illustrates the normal thoracic CT anatomy at the level of T5. (b) Enlarged 
lymph nodes in a 72-year-old man who presented with hoarseness and a left upper lobe mass. Axial CT scan ob- 
tained at the level of T5 shows enlarged lymph nodes in the left mediastinum at the aortopulmonary window and left 
paratracheal region*, which lie along the course of the ascending and descending left recurrent laryngeal nerve. Le- 
sions in this region explain the patient's hoarseness. The adjacent vagus and phrenic nerves were not clinically af- 
fected in this case. 



fibrous pericardium and the mediastinal pleura 
(5). The phrenic nerves can occasionally be visu- 
alized at cross-sectional imaging (6,7). 

The phrenic nerves provide motor uouaervation 
to the diaphragm acid sensory innervation to the 
centra] intrathoracic and peritoneal surfaces of 
the diaphragm. They also innervate the pericar- 
dium and mediastinal pleura and mediate pain 
from these areas to the neck and shoulder. Mani- 
festations of phrenic nerve disease include dia- 
phragmatic paralysis with elevation or persistent 
hiccups (8). 

Primary tumors of the phrenic nerves are rare 
but are seen in neurofibromatosis (9). Metastatic 



disease involvement from primary lung cancer is 
more common (10). Injury to the phrenic nerves 
can occur from penetrating injury> suxgery 3 and 
trauma from suboptimal placement of right-sided 
subclavian catheters or cardiac leads (1 1-13). 
Temporary palsy and diaphragmatic elevation 
that resolves over time can occur after open-heart 
surgery (14). The phrenic nerves can be compro- 
mised by enlarged lymph nodes, bronchial ob- 
struction, pericardial disease, cardiomegaly 3 myo- 
cardial infarctions and subphrenic disease (8). 



PAGE 12/84 1 RCVDAT 9/14/2007 1:32:46 PM [Eastern Daylight Time] » SVR:USPTO-EFXRF-6/18* DNIS:2738300 ■ CSID:18015727666 1 DURATION (mm-ss):1S-28 



09/14/2007 12:34 18015727666 



RADER FISHMAN 



PAGE 13/84 



1278 September-October 2001 R<r ■ Volume 2% - Number 5 





lu 

Figure 4. (e-d) Drawings (aarial view) illustrate the normal thoracic CT anatomy between the levels of T6 and T9, 
(e-h) Neurofibromatosis in m asymptomatic 28-year-old man. Serial axial CT aca^a obtained at me same four levels 
demonstrate neurofibromas involving the phrenic and vagus nerves bilaterally, the sympathetic chain, and a right in- 
tercostal nerve. 



PAGE 13184 * RCVD AT 9114/2007 1:32:46 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-6/18* DNIS:2738300 * CSID:18015727666* DURATION (mm-ss):1S-23 



09/14/2007 12:34 18015727666 RADER FISHMAN PAGE 14/84 



RG ■ Volume ZX * Nuwaber 5 Aquino ct al 1279 



Vagus Nerves^ Esophageal 
Plexus, and Vagal Trunks 

The complex anatomy o£ the vagal fibers is fur- 
ther complicated by the fact that their names 
change as they descend through the thorax. In 
brief, the right and left vagus nerves enter the tho- 
rax between their respective brachiocephalic veins 
and the subclavian artery 3 medial to the mediasti- 
nal pleura. They descend posterior to their re- 
spective pulmonary bila, ramify to form the 
esophageal plexus, and then pass through the 
esophageal hiatus of the diaphragm as the ante- 
rior and posterior vagal minks. 

There are, however, small but significant dif- 
ferences berween the paihways of the right and 
left vagal fibers. The right vagus nerve descends 
in the mediastinum between the lung and the tra- 
chea before dividing into several branches to the 
esophagus, which form part of the esophageal 
plexus. Most of these plexal fibers reunite behind 
the esophagus to form the posterior vagal trunk, 
which continues through the diaphragm to the 
posterior aspect of the stomach. The left vagus 
nerve descends in the mediastinum between the 
left common carotid artery and left subclavian 
artery. It continues immediately lateral to the 
transverse arch of the aorta. Inferiorly, it runs lat- 
eral to the trachea and esophagus. It ramifies to 
join the esophageal plexus, which reunites in front 
of the esophagus to form the anterior vagal trunk, 
and continues through the diaphragm to the ante- 
rior aspect of the stomach (5)*. 

The vagus nerves and their plexuses mediate 
esophageal swallowing, gastric emptying, and 
meal satiety. Stimulation leads to increased peri- 
stalsis and increased activity of the secretory 
glands of the gastrointestinal tract from the 
esophagus to the middle of the transverse colon 

(15) . Stimulation of the cardiac branches of the 
vagus nerves will lead to a decrease in heart rate 

(16) . Manifestations of vagus nerve impairment 
include gastroesophageal reflux, achalasia, and 
dysmotiiity disorders (17). 

As with all the thoracic nerves* primary tumors 
are rare. The most commonly reported neoplasms 
ate paragangliomas and neurofibromas (18-22). 
Metastatic involvement may occur rarely. Injury 
to the vagus nerves can occur from penetrating 
injury, thyroid or parathyroid surgery, and trauma 
(23). 

Recurrent Laryngeal Nerves 

The recurrent laryngeal nerves follow an asym- 
metric pathway through the upper chest (Figs la, 
lb, 2, 3). The right recurrent laryngeal nerve 



originates from the right vagus nerve at the level 
of the right subclavian artery and loops under this 
artery to ascend out of the thorax (Fig la). The 
left recurrent laryngeal nerve originates from the 
left vagus nerve at the level of the transverse aortic 
arch and loops under it immediately posterior to 
the ligamentura arteriosum to ascend along the 
posterolateral tracheal margin and exit the thorax 
(Figs la, lb, 2 y 3) (5). The recurrent laryngeal 
nerves provide ipsilatexal motor innervation to the 
intrinsic laryngeal muscles for vocalization and 
sensory innervation to the upper esophagus. They 
also mediate airway sensation from the level of 
the true vocal cords to the carina (24). Damage or 
tumoral involvement is nearly always unilateral 
and manifests as hoarseness, brassy cough, or vo- 
cal cord weakness (8). 

Primary tumors arc rare, but the left recurrent 
laryngeal nerve is often involved when metastatic 
lung cancer involves the left side of the mediasti- 
num, either by direct invasion or lymph node 
spread (25). Other mediastinal tumors that can 
involve the recurrent laryngeal nerve include 
esophageal, tracheal, and thyroid tumors (26- 
28). Lymphadenopathy from inflammatory and 
infectious causes may also affect this nerve (29). 
Mass effect from enlarged mediastinal structures 
(eg, vascular aneurysms), an enlarged left atrium, 
right nerve palsy of the cervical aortic arch, tra- 
cheal diverticulum, and lung collapse have also 
been reported (8,30-34). 

Sympathetic Chains 
and Splanchnic Branches 

The sympathetic chains are paired, symmetric 
structures that extend from the thoracic inlet to 
the diaphragm (Figs lb-d, 2a, 3a, 4). TTiese fi- 
bers and ganglia run in a vertical line that crosses 
the necks of the ribs. They are covered by the pa- 
rietal pleura, except for the most inferior segment 
of the right chain. TTxree splanchnic branches 
emerge from each chain and pass medially to the 
abdominal sympathetic ganglia (5). 

The upper part of this system mediates dilation 
of the pupil, the levator muscles of the upper eye- 
lids, the sweat glands, vasoconstriction of superfi- 
cial vessels of the skin, and vasodilation of the 
deep arteries to striated muscles (8). In the gas- 
trointestinal tract, the sympathetic system causes 
a decrease in bowel peristalsis and inhibits secre- 
tory gland activity from the esophagus to the 
middle of the transverse colon. Stimulation of the 



PAGE 14/84 * RCVD AT 9/1412007 1:32:46 PNI [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/18 ' DNIS:2738300 * CSID:18015?27666 1 DURATION (mm-ss):15-28 



09/14/2007 12:34 18015727666 



RADER FISHMAN 



PAGE 15/84 



1280 September-October 2001 RG ■ Volume 21 - Number 5 



branches to the heart and lungs leads to increases 
in heart and respiratory rates. 

One of the most common diseases to involve 
the thoracic sympathetic system is Pancoast tu- 
mor (Fig lcj Id) (35). This form of lung cancer is 
typically a squamous cell carcinoma or adenocar- 
cinoma involving the upper thoracic wall. Tumor 
extension to the paraspinal region and thoracic 
apex can involve the superior cervical ganglion of 
the sympathetic system and cause Homer syn- 
drome (ptosis of the eyelid, pupil miosis, facial 
anhidrosis) (8). As with other nerves in the tho- 
rax, primary rumors of the nerves and nerve 
sheaths may also involve the sympathetic system 
(36-38)* CT localization of the sympathetic 
nerves and ganglia is important in helping allevi- 
ate sympathetic symptoms in the upper limb such 
as hyperhidrosis or Raynaud disease (39). 

Costal Nerves 

An intercostal nerve courses along the inferior 
edge of each of the first through 1 1th ribs, A sub- 
costal nerve is located beneath each of the 12 ribs. 
These nerves innervate the muscles that join the 
ribs and provide sensory input from the overly- 
ing skin of the chest. (The first three intercostal 
nerves also mediate sensation from the upper ex- 
tremities and axilla.) The costal nerves also refer 
sensation from the adjacent lower parietal peri- 
cardium, the parietal pleura, and the peripheral 
segment of the intrathoracic diaphragm (8)* The 
subcostal nerves located under the 12ih ribs along 
with the intercostal nerves from T6 to T12 inner- 
vate the muscles of the upper abdominal region 
and the overlying skin (5). 

Trauma to an intercostal nerve caused by tho- 
racotomy can lead to a loss of sensation in the 
skin overlying the injured nerve. When costal 
nerve damage is caused by tumor invasion, direct 
trauma, or rib fractures, patients may complain of 
chest wall pain or numbness. These symptoms 
can be alleviated with a costal nerve block (40- 
42). Herpes zoster can affect a single costal nerve, 
leading to pain and herpetic vesicles in the distri- 
bution of the nerve (8). 

Long Thoracic Nerves 

The paired long thoracic nerves are symmetric 
and are present in every section of the thorax 
(Figs la, lb, 2a, 3a, 4a-d). They do not have a 



sensory component but provide motor innerva- 
tion to the anterior serratus muscle. Because they 
course along the midaxillary line of the lateral 
chest wall, trauma or surgery that damages this 
area results in an ipsilateral winged scapula (5). 
Repetitive trauma due to archery can also cause a 
palsy of the long thoracic nerve (43). 

Conclusions 

Although the nerves of the thorax are rarely iden- 
tified at cross-sectional imaging, their location 
can be inferred by localizing easily identified ana- 
tomic landmarks. Familiarity with the functional 
anatomy and clinical significance of these nerves 
is important for the correct interpretation of tho- 
racic images. 
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Thoracic Wall, Intercostal Muscles 
November 3, 2003 

The thoracic cavity is an area that is protected by muscle and bone. A bony ribcage 
surrounds vascular structures (heart, lungs) and the area between the limbs is filled up by 
intercostals muscles. The ribcage is not a solid structure because this would prevent you 
from having any mobility. The thoracic cage, from the outside in, is covered in skin then 
superficial fascia then muscles for moving the upper limb (trapezius, serratus anterior, 
pectoralis mm). 

Thoracic cage — The thoracic cage is composed of ribs that extend from the vertebral 
column posteriorly to the anterior portion of the body. Ribs can attach to the sternum. 
There are 12 pairs of rjbs, each of which has costal cartilages associated with it. The 
first 7 ribs attach via costal cartilages directly to the sternum and are referred to as true 
ribs. Ribs 8-12 are referred to as false ribs because they do not have a direct attachment 
to the sternum. Of these ribs, numbers 8-10 are attached to the cartilage of the rib above. 
Ribs 1 1 and 12 are called floating ribs. They terminate in the muscles and do not have 
any connection at all to the sternum. 

The typical parts of the rib are the head, neck, tubercle (an articulating point between the 
neck and shaft), shaft, costal angle (where the shaft spirals down and the rib curves), and 
the costal groove (there are nerves and vessels that run along here). The structure of the 
typical rib can be found in Moore's text on p. 62, figure 1-2. Most ribs articulate with 
two vertebrae posteriorly (except the top and bottom ribs). The ribs articulate by the 
costal cartilages with the sternum via sternocostal joints, synovial types of joints. Ribs 
assist in thoracic wall movement. The proximal end of the rib rotates to allow the distal 
end of the rib to swing. As a person inhal es, the ribs swing out and up, making the 
thoracic cavity larger. As he or she exhales, the ribs swing back in and down. This is 
sb6wn in Moore's text p. 70-71, figures 1 .7 C and ] .8 A, but it should be noted that 
respiratory movements are also the result of many muscles. (Netter 178 A, B, 179B). 

There are three main portions of the sternum. The manubrium is the superior most 
triangular bone. It is the widest and thickest of the bones of the sternum. On the upper 
portion of the manubrium is a concave border called the jugular notch (AKA suprasternal 
notch). The body of the sternum is below the manubrium. Their boundaries can be 
determined by the sternal angle, which is a projection (bump) on the sternum. This is 
the site where 2 nd costal cartilages (of the 2 nd rib pair) articulate with the sternum. This 
is important when counting ribs because the 2 nd rib can be more easily seen and palpated 
than the first rib. Also, the sternal angle is also an important landmark dividing the plane 
of division of the thoracic cavity. It is found between the levels of T4 and T5. Lateral to 
the midline of the body of the sternum are the costal arches. Hiese are the scalloped 
borders of the body. The third portion of the sternum is the xiphoid process. It is also 
an important landmark for other structures found in the thoracic area. (N 1 78 A, B) 

The thoracic vertebrae are characterized by long, pointed spinous processes and costal 
facets. There is a costal facet located above the pedicle, one below the pedicle, and one 
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on the transverse process of each thoracic vertebrae. Typically, the head of a rib 
articulates with two vertebral bodies auad the transverse process of the vertebrae below the 
rib. The rib number corresponds with the number of the vertebrae below it (Moore's text 
p. 66, figure 1-5). 

Muscles of the Thoracic Wall — There are three layers of muscles found within the 
intercostal spaces of the ribcage. There are 1 1 intercostal spaces filled with these 
muscles. None of the muscles stretches the entire length of the intercostals space, but 
they overlap to collectively extend the entire length (Netter 1 83 s 1 85 A 3 Grant's Dissector 
figure 1-12). 

External Intercostal muscles — These muscles are closest to the surface. Their 
fibers angle toward the abdomen (remember this because when of the angle of 
your hand when it is in your front pants pocket). The origin of them is the 
inferior border of the rib above. They insert on the upper border of the rib below. 
Each is innervated by intercostal nerves and supplied by the intercostal artery - 
The external intercostal muscles extend posteriorly to the tip of the transverse 
processes. Anteriorly, they muscle fibers stop before reaching the lateral portion 
of the sternum, but their connective tissue structure, the external intercostal 
membrane, extends from the costochondral junction over to the lateral border of 
the sternum. 

Internal Intercostal Muscles — These muscles originate from the lateral border 
of the sternum. They continue posteriorly and insert as the intercostal membrane 
at the vertebral body. They are actually the same muscle as the innennost 
intercostal muscles. These two muscle layers are distinguished by the fact that the 
intercostal nerve and artery passes between the two layers. The fibers of 
these muscles run at a right angle to the external intercostal muscles. To 
remember this, think about the position of your hand when you place it in your 
back pocket. 

The primary function of the intercostal muscles is to prevent the intercostal space from 
being stretched by inspiration and expiration. This prevents the intercostal space from 
blowing out or sucking in during respiration. 

Transversus thoracis muscle — This muscle is found on the underside of the 
sternum. Its origin is the posterior surface of the sternum. It inserts on the inner 
surfaces of costal cartilages 2-6 and is involved in respiration. It is innervated 
by costal nerves 2-6 and is supplied by the internal thoracic artejcy. (Netter 184) 

Innervation of the Thoracic Wall — The thoracic wall has 12 pairs of spinal nerves that 
divide into ventral and dorsal primary rami. The ventral rami of Tl-Tl 1 form the 
intercostal nerves that run along the intercostal spaces. The ventral rami of T12 and 
beyond form the subcostal nerves. 

The intercostal nerves branch into lateral cutaneous and anterior cutaneous branches. 
The lateral cutaneous branches pierce the internal and external muscles approximately 
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halfway around the thorax before dividing into anterior and posterior branches. The 
anterior cutaneous branches supply the skin on the anterior aspect of the thorax and 
abdomen (Netter 187). 

Hie ribs prevent formation of nerve plexuses. This enables them to have a simple 
dermatome pattern of nerve supply ( a fairly segmental arrangement of dermatomes). , 
This dermatome pattern can be seen in Moore's text, p. 86, figure 1-20 and Netterl57. 

Vessels of the Thoracic Wall — Typically, the blood vessels follow the nerves. 
Posteriorly, the thoracic aorta supplies the thoracic wall. It has posterior branches at 
each vertebra) level, the posterior intercostal arteries. These cross the vertebral body 
and go into the intercostal spaces . There are also other branches of the thoracic aorta, 
including the 3 rd right posterior intercostal artery and the costocervical trunk (which 
supplies the first 2 intercostal spaces). (Netter 187, 233A, 165A) 

The internal thoracic artery is located about Y* inch lateral to the edge of the sternum. 
It is on the deep side of the ribs and intercostal muscles and courses vertically. It also 
branches to give off anterior intercostal arteries. There are usually two anterior 
intercostal arteries per intercostal space which will anastamose with the posterior 
intercostal arteries (netter 1 84) 

In the costal groove, the nerves and vessels lay between the internal and innermost 
intercostal muscles. Typically, the vein is located highest, the artery is intermediate, and 
the nerve is lowest ("VAN"). There may be variations in this VAN pattern, especially 
posteriorly (Moore's text p. 87, figure 1.21 B and Grant's dissector, figure 1.11) 

Thoracocentesis — This involves the insertion of a hypodermic needle through the 
intercostal space and into the pleural cavity. This is typically done in the 9 th intercostal 
space, in the middle so as not to damage the surrounding nerves and vessels. It is done to 
obtain a sample of fluid or to remove blood or pus (to remove something that shouldn't 
be there). 

Intercostal Nerve Block — This involves the injection of a local anesthetic agent around 
the intercostal nerves. 

Endotboracic fascia — This is a muscular investing facia found below the deepest layer 
of intercostal muscles. The endothoracic fascia holds the parietal pleura to the inner 
surface (Netter 1 88) 

Parietal Lymphatics in the Thorax — The anterior thoracic wall has lymphatic drainage 
medially toward the sternum, specifically, to the parasternal lymph nodes. There are 1- 
2 of these nodes per intercostal space of the true ribs. Drainage also goes laterally and 
posteriorly to the intercostal nodes which drain directly to the thoracic duct or its 
beginning, the cysterna chili (Netter 235). Overall, the superficial lymphatics drain deep 
in reverse of the arterial blood flow, but in the same direction as venous blood flow of 
that region. 
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Introduction to the Thoracic Cavity (to be covered in tomorrow's lecture) — The 
thoracic inlet is the superior boundary of the thoracic cavity. It consists of the Tl 
vertebral body, the two first ribs and the manubrium of the sternum. Structures going 
into the thoracic inlet include the trachea and esophagus while structures coming out 
include vessels. 

The thoracic outlet is the inferior border of the thoracic cavity. It consists of costal 
cartilages, the tips of the lower two ribs, and is filled in by the respiratory diaphragm. 

The walls of the thoracic cavity are the sternum and costal cartilages anteriorly, the ribs 
(anteriorly, laterally, and posteriorly), and the vertebral bodies posteriorly. 

The thoracic cavity contains respiratoiy, cardiac, and some digestive organs. These 
include the lungs, heart, esophagus, trachea and bronchi, great vessels, and nerves. 

The cavity is divided into three regions: two pleural cavities which are completely filled 
by lung tissue and the mediastinum which contains the other components of the cavity 
(Netter 192). 

Clinical Correlates 

Rib Fractures and Associated Injuries — The 1 51 rib is rarely fractured because of its 
protected position, but when it is fractured, injury can occur to the brachial plexus and/or 
subclavian vessels. The middle ribs are the most commonly fractured ribs. Fractures are 
often due to direct blows or indirectly from crushing injuries. The weakest part of the rib 
is just anterior to its angle, but rib fractures can occur elsewhere. Fractures of the ribs 
can cause injury to internal organs (the lungs, spleen, etc). Rib fractures are painful 
because these parts must be moved during respiration. Rib pain may also be due to 
metastases of cancer- When a sizeable segment of the anterior or lateral chest wall moves 
freely because of multiple rib fractures, this is known as flail chest. 

Thoracotomy and Bone Grafting — The surgical creation of an anterior opening into the 
thoracic wall is an anterior thoracotomy. Sometimes, pieces of rib are used for bone 
grafting procedures. The removal of pieces of ribs posteriorly is a posterior 
thoroacotomy. This is often done in order to enter the thoracic cavity. 

Supernumerary Ribs — Sometimes there are cervical or lumbar ribs present or a failure 
of the 12 th rib pair to form. Supernumerary ribs result from the retention and 
development of the costal processes of the cervical and lumbar vertebrae. For details on 
individual ribs, see p. 64-65 in Moore's. 

Protective Function and Variation of Costal Cartilages—The costal cartilages prevent 
many blows from fracturing the sternum and/or ribs. In kids, the ribs and costal 
cartilages are very elastic, so a chest compression injury can occur even though there is 
no rib fracture. In the elderly, the costal cartilages can become brittle and may undergo 
calcification. 
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Effect of an Aortic Aneurysm on Vertebrae — When the aorta develops an aneurysm, 
the bodies of the thoracic vertebrae T5-T8 may be eroded by the pressure from the 
aneurysm. 

Bony Xipoid Processes — People often begin to detect their partly ossified xiphoid 
processes (often in early 40s) and contact their physician about hard lumps in the pits of 
their stomach. 

Sternal Fractures — Fractures of the sternum are uncommon. Crush injuries can occur 
after trauma (ex. due to an automobile accident where the driver's chest is forced into the 
steering column). The number of sternal fractures has been reduced by installation of 
airbags in vehicles. A fracture of the sternal body is usually a comminuted one in which 
the sternum is broken into pieces. The most common site of a sternal fracture is at the 
sternal angle. This results in a dislocation of the manubriostemaJ joint* 

Median Sternotomy — This involves splitting the sternum in the median plane to give 
good exposure to the chest cavity for operations, such as coronary artery bypass grafting 
and removal of lung tumors. After surgery, the halves are rejoined with wire sutures. 

Sternal Biopsies — The sternum is often used to perform bone marrow biopsies because 
of its subcutaneous position and breadth. This type of biopsy is often used to obtain 
specimens of bone marrow for transplantations or detection of metastatic cancers. 

Sternal Anomalies — Sometimes there is defective ossification of the sternum (develops 
as segments that normally unite). Severe clefts formed by defective ossification are rare. 
Sometimes there is a perforation in the sternal body because of faulty ossification. This 
is not clinically significant, but is something a physician must be aware of so as not to 
confuse it with some other finding. 

Dislocation of the Ribs — A dislocation of the rib is the displacement of the costal 
cartilage from the sternum or the dislocation of an interchondral joint. Dislocations are 
common in contact sports and can produce pressure or damage to nearby nerves, muscles, 
or vessels. 

Separation of Ribs — A rib separation refers to a dislocation of the costochondral 
junction. This usually involves a tearing of the perichondrium and periosteum. The rib 
may move superiorly overriding the rib above it and causing pain. 

Paralysis of the Diaphragm — Paralysis of 54 of the diaphragm due to injury of the 
phrenic nerve does not affect the other half b/c each dome of the diaphragm has a 
different nerve supply. Paralysis can be noted by observing the movement of the chest 
during respiration. 

Thoracic Outlet Syndrome — There are various types of this that exist. The 
costoclavicular syndrome results from compression of the subclavian artery between the 
clavicle and 1 st rib and is characterized by pallor and coldness of the skin of the upper 
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limb along with diminished radial pulse. The cervical rib syndrome results from 
compression of C8 and Tl nerve roots and the inferior trunk of the brachial plexus. 

Dyspnea — This is difficulty breathing. Patients who have respiratory problems often 
struggle to breathe and must use their accessory respiratory muscles to assist the 
expansion of their thoracic cavities. 

Herpes Zoster Infection — An infection which causes a dennatomally distributed lesion 
called shingles. Herpes zoster is a viral disease of the spinal ganglia that invades the 
ganglia and then produces a sharp burning pain in the dermatome supplied by the 
involved nerve. The area that is affected will become red and will have vesicular 
eruptions on it. Muscle weakness may occur in some people; it will occur ajong the same 
myotomal distribution as the dermatomal pain and vesicular eruptions. 
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IX. Neurology. 6c. The Thoracic Nerves. Gray, Henry. 1918. Anatomy of the Human Body. Page 1 of 5 
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Henry Gray (1821-1865). Anatomy of the Human Body. 1938. 
6c. The Thoracic Nerves 
(NN. Thoracales) 



The anterior divisions of the thoracic nerves (rami anteriores; ventral divisions) are 
twelve in number on either side. Eleven of them are situated between the ribs, and arc 
therefore termed intercostal; the twelfth lies below the last rib. Each nerve is connected 
with the adjoining ganglion of the sympathetic trunk by a gray and a white ramus 
communicans. The intercostal nerves are distributed chiefly to the parietes of the thorax 
and abdomen, and differ from the anterior divisions of the other spinal nerves, in that each 
pursues an independent course, /. e., there is no plexus formation. The first two nerves 
supply fibers to the upper limb in addition to their thoracic branches; the next four are 
limited in their distribution to the parietes of the thorax; the lower five supply the parietes 
of the thorax and abdomen. The twelfth thoracic is distributed to the abdominal wall and 
the skin of the buttock. 

The First Thoracic Nerve. — The anterior division of the first thoracic nerve divides into 2 
two branches: one, the larger, leaves the thorax in front of the neck of the first rib, and 
enters the brachial plexus; the other and smaller branch, the first intercostal nerve, runs 
along the first intercostal space, and ends on the front of the chest as the first anterior 
cutaneous branch of the thorax. Occasionally this anterior cutaneous branch is wanting. 
The fir$t intercostal nerve as a rule gives off no lateral cutaneous branch; but sometimes it 
sends a small branch to communicate with the intercostobrachial. From the second 
thoracic nerve it frequently receives a connecting twig, which ascends over the neck of the 
second rib. 
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The Upper Thoracic Nerves (tin. intercostales). — The anterior divisions of the second, 
third, fourth, fifth, and sixth thoracic nerves, and the small branch from the first thoracic, 
are confined to the parietes of the thorax, and are named thoracic intercostal nerves. 
They pass forward (Fig. 819) in the intercostal spaces below the intercostal vessels. At the 
back of the chest they lie between the pleura and the posterior intercostal membranes, but 
soon pierce the latter and run between the two planes of Intercostal muscles as far as the 
middle of the rib. They then enter the substance of the Intercostales interai, and, running 
amidst their fibers as far as the costal cartilages, they gain the inner surfaces of the 
muscles and lie between them and the pleura. Near the sternum, they cross in front of the 
internal mammary artery and Trans versus thoracis muscle, pierce the Intercostales interni, 
the anterior intercostal membranes, and Pectoralis major, and supply the integument of the 
front of the thorax and over the mamma, forming the anterior cutaneous branches of the 
thorax; the branch from the second nerve unites with the anterior supraclavicular nerves of 
the cervical plexus. 

Branches. — Numerous slender muscular filaments supply the Intercostales, the 
Subcostales, the Levatores costarum, the Serratus posterior superior, and the Transversus 
thoracis. At the front of the thorax some of these branches cross the costal cartilages from 
one intercostal space to another. 

Lateral cutaneous branches (rami cutanei laterales) are derived from the intercostal 
nerves, about midway between the vertebra? and sternum; they pierce the Intercostales 
extemi and Serratus anterior, and divide into anterior and posterior branches. The 
anterior branches run forward to the side and the forepart of the chest, supplying the 
skin and the mamma; those of the fifth and sixth nerves supply the upper digitations of the 
Obliquus externus abdominis. The posterior branches run backward, and supply the skin 
over the scapula and Latissimus dorsi. 
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Fig. 820- Cutaneous distribution of thoracic nerves. (Testut.) (See enlarged image d 

The lateral cutaneous branch of the second intercostal nerve does not divide, like the 
others, into an anterior and a posterior branch; it is named the intercostobrachial nerve 
(Fig* $16X It pierces the Intercostalis externus and the Serratus anterior, crosses the axilla 
to the medial side of the arm, and joins with a filament from the medial brachial cutaneous 
nerve. It then pierces the fascia, and supplies the skin of the upper half of the medial and 
posterior part of the arm, communicating with the posterior brachial cutaneous branch of 
the radial nerve. The size of the intercostobrachial nerve is in inverse proportion to that of 
the medial brachial cutaneous nerve. A second intercostobrachial nerve is frequently 
given off from the lateral cutaneous branch of the third intercostal; it supplies filaments to 
the axilla and medial side of the arm. 
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Fig. 821- Intercostal nerves, the superficial muscles having been removed. (Tcstut). (See 

enlarged imaged 



The Lower Thoracic Nerves.— The anterior divisions of the seventh, eighth, ninth, tenth, 7 
and eleventh thoracic nerves are continued anteriorly from the intercostal spaces into the 
abdominal wall; hence they are named thoracicoabdormnal intercostal nerves. They 
have the same arrangement as the upper ones as far as the anterior ends of the intercostal 
spaces, where they pass behind the costal cartilages, and between the Obliquus internus 
and Transversus abdominis, to the sheath of the Rectus abdominis, which they perforate. 
They supply the Rectus abdominis and end as the anterior cutaneous branches of the 
abdomen; they supply the skin of the front of the abdomen. The lower intercostal nerves 
supply the Intercostales and abdominal muscles; the last three send branches to the 
Serratus posterior inferior. About the middle of their course they give off lateral 
cutaneous branches. These pierce the Intercostales externi and the Obliquus cxtemus 
abdominis, in the same line as the lateral cutaneous branches of the upper thoracic nerves, 
and divide into anterior and posterior branches, which are distributed to the skin of the 
abdomen and back; the anterior branches supply the digitations of the Obliquus externus 
abdominis, and extend downward and forward nearly as far as the margin of the Rectus 
abdominis; the posterior branches pass backward to supply the skin over the Latissimus 
dorsi. 

8 

The anterior division of the twelfth thoracic nerve is larger than the others; it runs along 
the lower border of the twelfth rib, often gives a communicating branch to the first lumbar 
nerve, and passes under the lateral lumbocostal arch. It then runs in front of the Quadratus 
lumborum, perforates the Transversus, and passes forward between it and the Obliquus 
internus to be distributed in the same manner as the lower intercostal nerves. It 
communicates with the iliohypogastric nerve of the lumbar plexus, and gives a branch to 
the Pyrarnidalis. The lateral cutaneous branch of the last thoracic nerve is large, and 
does not divide into an anterior and a posterior branch. It perforates the Obliqui internus - 
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and extemus, descends over the iliac crest in front of the lateral cutaneous branch of the 
iliohypogastric rFip.819V and is distributed to the skin of the front part of the gluteal 
region, some of its filaments extending as low as the greater trochanter. 
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Intercostal nerves 
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The intercostal nerves are the anterior divisions (rami anteriores; ventral divisions) 
of the thoracic spinal nerves from Tl to Tl 1 . 

Each nerve is connected with the adjoining ganglion of the sympathetic trunk by a 
gray and a white ramus coramunicans. The intercostal nerves are distributed chiefly to 
the thoracic pleura and abdominal peritoneum, and differ from the anterior divisions 
of the other spinal nerves, in that each pursues an independent course without plexus 
formation: 
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The first two nerves supply fibers to the upper limb in addition to their thoracic 
branches; the next four are limited in their distribution to the parietes of the thorax; 
the lower five supply the parietes of the thorax and abdomen. The 7th intercostal 
nerve terminates at the xyphoid process, at the lower end of the sternum. The 1 Oth 
intercostal nerve terminates at the umbilicus. The twelfth (subcostal) thoracic is 
distributed to the abdominal wall and groin. 



The 1st Thoracic Nerve 

The anterior division of the first thoracic nerve divides into two branches: one, the 
larger, leaves the thorax in front of the neck of the first rib, and enters the brachial 
plexus; the other and smaller branch, the first intercostal nerve, runs along the first 
intercostal space, and ends on the front of the chest as the first anterior cutaneous 
branch of the thorax. 

Occasionally this anterior cutaneous branch is missing. 

The first intercostal nerve rarely gives off a lateral cutaneous branch; but sometimes 
sends a small branch to communicate with the intercostobrachial. 

From the second thoracic nerve it frequently receives a connecting twig, which 
ascends over the neck of the second rib. 

The Upper Thoracic Nerves: 2nd-6th 

The anterior divisions of the second, third, fourth, fifth, and sixth thoracic nerves, and 
the small branch from the first thoracic, are confined to the parietes of the thorax, and 
are named thoracic intercostal nerves. 

They pass forward in the intercostal spaces below the intercostal vessels. At the back 
of the chest they lie between the pleura add the posterior intercostal membranes, but 
soon pierce the latter and run between the two planes of Intercostal muscles as far as 
the middle of the rib. 

They then enter the substance of the Intercostales intemi, and, running amidst their 
fibers as far as the costal cartilages, they gain the inner surfaces of the muscles and lie 
between them and the pleura. 

Near the sternum, they cross in front of the internal mammary artery and Transversus 
thoracis muscle, pierce the Intercostales intemi, the anterior intercostal membranes, 
and Pcctoralis major, and supply the integument of the front of the thorax and over the 
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mamma, forming the anterior cutaneous branches of the thorax; the branch from the 
second nerve unites with the anterior supraclavicular nerves of the cervical plexus. 

Branches 

Numerous slender muscular filaments supply the Intercostales, the Subcostales, the 
Levatores costarum, the Serratus posterior superior, and the Transversus thoracis. At 
the front of the thorax some of these branches cross the costal cartilages from one 
intercostal space to another. 

■ JLateral cutaneous branches (rami cutanei laterales) axe derived from the 
intercostal nerves, about midway between the vertebrae and sternum; they 
pierce the Intercostales externi and Serratus anterior, and divide into anterior 
and posterior branches. 

* The anterior branches run forward to the side and the forepart of the chest, 
supplying the skin and the mamma; those of the fifth and sixth nerves supply 
the upper digitations of the Obhquus externus abdominis. 

• The posterior branches run backward, and supply the skin over the scapula 
and Latissiraus dorsi. 

The lateral cutaneous branch of the second intercostal nerve does not divide, like the 
others, into an anterior and a posterior branch; it is named the intercostobrachial 
nerve (Fig. 816). It pierces the Intercostalis externus and the Serratus anterior, crosses 
the axilla to the medial side of the arm, and joins with a filament from the medial 
brachial cutaneous nerve. It then pierces the fascia, and supplies the skin of the upper 
half of the medial and posterior part of the arm, communicating with the posterior 
brachial cutaneous branch of the radial nerve. The size of the intercostobrachial nerve 
is in inverse proportion to that of the medial brachial cutaneous nerve. A second 
intercostobrachial nerve is frequently given off from the lateral cutaneous branch of 
the third intercostal; it supplies filaments to the axilla and medial side of the arm. 

The Lower Thoracic Nerves: 7th-llth 

See Thoraco-abdominal nerves 
The Lower Thoracic Nerves: 12 th 

Anterior division 

See subcostal nerve 
ateral cutaneous branch 

The lateral cutaneous branch of the last thoracic nerve is large, and does not divide 
into an anterior and a posterior branch. 
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It perforates the Obliquj internus and externus, descends over the iliac crest in front of 
the lateral cutaneous branch of the iliohypogastric, and is distributed to the skin of the 
front part of the gluteal region, some of its filaments extending as low as the greater 
trochanter. 
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